An efficient and completely greener approach has been outlined for the reaction of 3-acetyl-2H-chromen-2-ones with o-phenylenediamines using tetrabutylammonium tribromide (TBATB) to obtain 3-(quinoxalin-2-yl)-2H-chromen-2-ones in one-pot. Alternatively, a step-wise method has also been demonstrated for the synthesis of 3-(quinoxalin-2-yl)-2H-chromen-2-ones, where 3-acetyl-2H-chromen-2-ones has first treated with TBATB to give 3-(2-bromoacetyl)-2H-chromen-2-one followed by its nucleophilic substitution reaction with ophenylenediamines. Use of polyethylene glycol-600 (PEG-600) as the solvent media, mild reaction conditions and easy isolation procedure of products are the added advantages for this synthesis. Both the one-pot and step-wise methods have been compared in terms of their reaction yields and one-pot synthesis was found to be superior. All the synthesized compounds were confirmed by characterization with 1 HNMR, 13 CNMR, HRMS, IR spectroscopy.
Introduction
In the large family of heterocyclic chemistry, coumarin and its derivatives have significant role due to their distinct applications, abundant availability in nature and various routes for its synthesis. Coumarin is the effective pharmacophore with wide variety of pharmacological applications.
1,2 Some of their important biological activities include cardiovascular, 3 antibiotic, 4 anti-viral, 5 anti-depressant, 6 anti-inflammatory, 7 antioxidant, 8 antimicrobial, 9 etc. Based on their importance and widespread activities, we have recently reviewed few of the applications of coumarin and its hybrid compounds pertaining to their medicinal chemistry, material chemistry and agrochemical field. 10 Furthermore, quinoxalines and its derivatives have been found to exhibit diversified pharmacological activities such as anti-inflammatory, 11 anti-mycobacterial, 12 anti-leishmanial, 13 anti-microbial, 14 anti-cancer, 15 anti-tubercular, 16 anti-malarial, 17 antibiotic, 18 anti-infective, 19 etc. Apart from these, quinoxaline derivatives also exhibited applications such as DNA photo cleaving reagents 20 and as dyes. 21, 22 Some of the commercially available quinoxaline based drugs have listed in Figure 2 . In the view of importance of coumarin, quinoxaline derivatives, it is worthwhile to synthesize the compounds containing both the coumarin and quinoxaline rings in a single frame work under environmentally benign conditions. One of the most commonly used procedures for the synthesis of the quinoxaline ring that clubbed to coumarin is by the reaction of 3-(2-bromooacetyl)-2H-chromen-2-one with o-phenylenediamines. Zhou et al. reported 23 the synthesis of coumarinylquinoxalines by treating 3-(2-bromoacetyl)-2H-chromen-2-one with o-phenylenediamine in ethanol under microwave irradiation conditions at 100 °C . Also, Kamble et al.
reported 24 the synthesis of coumarin and quinoxaline hybrid derivatives by the reaction of 3-(2-bromoacetyl)-2H-chromen-2-one with o-phenylenediamine in tetrahydrofuran using pyridine as a catalyst. Thus, in the preparation of 3-(quinoxalin-2-yl)-2H-chromen-2-ones the common starting material is 3-(2-bromoacetyl)-2H-chromen-2-one which has to be prepared by the bromination of 3-acetyl-2H-chromen-2-one with bromine. Conventional methods of bromination of organic substrates mostly use liquid bromine as brominating reagent. However, bromine is a corrosive toxic reagent, maintenance of stoichiometry is difficult, special care is required for its storage, handling and transportation, it is very important for many organic transformations. Therefore there has been a search for benign reagents which can act as bromine alternatives. Among all the bromine alternatives that have been developed so far, a group of reagents that have become popular are the quaternary ammonium tribromides which are finding numerous applications in various bromination reactions. 25, 26 Among all these, tetrabutylammonium tribromide (TBATB) has attracted the attention of researchers because of its stability, easier method of preparation and its advantages over liquid bromine such as its use at higher temperature. 27, 28 One-pot method of synthesis constitute one of the most effective tools in emerging organic chemistry, since they have features that contribute to an ideal synthesis such as atom economy, rapid and easy implementation, energy and time saving, eco-friendly methods with target and diversity-oriented synthesis. 29 Development of new one-pot reactions towards pharmacologically active scaffolds is inevitable at the present time whereby a starting material is subjected to successive chemical operations in a single reaction vessel. So, with the above literature precedence, herein we wish to report an efficient environmentally benign one-pot method for the synthesis of 3-(quinoxalin-2-yl)-2H-chromen-2-ones using TBATB as the reagent by the direct reaction of 3-acetyl-2H-chromen-2-ones with o-phenylenediamines.
Results and Discussion
As shown in Scheme 1, reaction of commercially available salicylaldehydes with ethyl acetoacetate in ethanol containing catalytic amount of piperidine as a catalyst at room temperature (RT) for 2 h afforded 3-acetyl-2H-chromen-2-ones (1). Bromination of the latter with TBATB in PEG-600 at RT for 1 ½ h resulted in the formation of 3-(2-bromoacetyl)-2H-chromen-2-ones (2) (Scheme 1). Scheme 1. Synthesis of 3-(2-bromoacetyl)-2H-chromen-2-one (2) starting from salicylaldehydes Reaction of 3-(2-bromoacetyl)-2H-chromen-2-one (2a, i.e., 2, R 1 =H), with equimolar amount of ophenylenediamine (3a, i.e., 3, R 2 =H) in PEG-600 at 100 °C for 45 min. resulted in the formation of 3-(quinoxalin-2-yl)-2H-chromen-2-one (4a, i.e., 4, R 1 =R 2 =H) (Scheme 2). Scheme 2. Synthesis of 3-(quinoxalin-2-yl)-2H-chromen-2-one (4a) from 2a & 3a.
In order to check the effect of solvent on this reaction, several solvents have been screened to get the product 4a in shorter time with maximum yield. When this reaction has been carried out using different solvents, resulted in the formation of product 4a, but none of them were superior to PEG-600 (Table 1) . Optimization data with several solvents has revealed that this reaction was found to complete very smoothly when PEG-600 was used as a reaction media in terms of product yield and reaction time ( Table 1) . Having optimized the reaction conditions in hand, this protocol was generalized and was successfully extended to other derivatives of 3-(2-bromoacetyl)-2H-chromen-2-ones (2) and o-phenylenediamines (3) (Scheme 3).
Scheme 3. Synthesis of 3-(quinoxalin-2-yl)-2H-chromen-2-ones (4a-l).
Encouraged with the above results, we thought of interest to prepare these compounds in a one-pot method from 3-acetyl-2H-chromen-2-ones (1). For this, in a blank experiment, we have taken equimolar amounts of 3-acetyl-2H-chromen-2-one (1a) and o-phenylenediamine (3a) and heated to 100 °C in PEG-600 to check whether any reaction taking place between 1a and 3a to form Schiff's base under our reaction conditions. We observed no product formation between these two reactants and the starting materials were recovered (Scheme 4). With the above experiment, we understood that there is no problem of Schiff's base formation and this has been taken as an advantage, tried to prepare the target compounds in a one-pot method using TBATB as the bromine source for in-situ α-bromination of 1. Thus equimolar amounts of 3-acetyl-2H-chromen-2-one (1a), TBATB and o-phenylenediamine (3a) were reacted together in PEG-600 at 100 °C for 1 h. Interestingly, this reaction was successfully completed and gave the desired product i.e., 3-(quinoxalin-2-yl)-2H-chromen-2-one (4a). Thus, we have extended the scope of this one-pot protocol for various 3-acetyl-2H-chromen-2-ones (1) and o-phenylenediamines (4) to obtain the required quinoxalines (4a-l) in excellent yields. (Scheme 5).
Scheme 5.
One-pot synthesis of 3-(quinoxalin-2-yl)-2H-chromen-2-ones (4a-l) from 1.
The mechanism for this one-pot reaction was studied and here TBATB can be considered as a general brominating agent where it reacts with 3-acetyl-2H-chromen-2-one (1) in PEG-600 to give the corresponding 3-(2-bromoacetyl)-2H-chromen-2-one (2), HBr and tetrabutylammonium bromide (TBAB). 2 thus, formed in this way can be readily reacted in situ with o-phenylenediamines (4) to give the corresponding quinoxalines 4. The beauty of this reaction is that TBATB during its reaction generates TBAB, which will be in the reaction mass, and will then act as a Phase Transfer Catalyst (PTC) and enhance the progress of the condensation reaction (alkylation of 3 by bromoacetyl group) between 2 & 3 in-situ (Scheme 6). In detail, α-bromoacetyl group of 2 initially undergo nucleophilic substitution reaction with one of the amine from o-phenylenediamine (3) to form a condensed product "A". Another amine from this condensed compound "A" will undergo internal nucleophilic addition reaction with carbonyl carbon to form a cyclized compound "B" which will undergo dehydration to form "C". The latter being the dihydroderivative, quite unstable, undergoes dehydrogenation (oxidation) under heating conditions to yield the thermally stable, aromatized product quinoxaline 4.
The overall yield from the stepwise synthesis for the formation of 4 has been calculated ( Table 2 ) and compared with the yield of 4 obtained from the one-pot synthesis (Figure 3) . From this comparison, it can be concluded that one-pot synthesis is the most convenient and efficient method for the preparation of these quinoxalines. Step 
Synthesis of TBATB
A mixture of TBAB (38.80 g, 120 mmol), sodium bromate (6.00 g, 40 mmol) and water (300 mL) was stirred at room temperature for 10 min. To this solution was added 48% Aq. HBr (28 mL) drop wise under stirring and continued for another 30 min at room temperature. An orange colored solid precipitated out, which was filtered, washed with water (2×120 mL) and air-dried at room temperature. Yield: 55.36 g (96%). mp 74-76°C.
Powder X-ray diffraction (XRD) analysis of TBATB
The nature of the prepared TBATB was identified by recording its powder XRD. X-ray patterns of TBATB was recorded at 2 theta = 10-80° range ( Figure 6 ). A broad peak centered at 2 theta angle showed the strong crystalline peaks in the range of 10-60° confirmed the TBATB reagent as crystalline in nature. Figure 6 . Powder X-ray diffraction analysis of TBATB.
TG/DTA analysis of TBATB
Further the scope and the stability of the reagent at higher temperatures were studied by TG-DTA analysis. DSC measures amount of energy released or absorbed by the sample when it is cooled or heated, providing quantitative and qualitative data on endothermic (heat absorption) and exothermic (heat evolution) processes and the main advantage of DSC is to measure melting temperature. The melting endotherm for TBATB after heating is shown an enthalpy of 278.6 J/g ( Figure 7 ). Differential thermal analysis (DTA) and thermo gravimetric analysis (TGA) of the prepared reagent, i.e., TBATB has also been carried out simultaneously. Thermal stability of the reagent was tested by heating the reagent at a rate of 5°C /min under inert nitrogen atmosphere. In DTA curve, the first endothermic peak at 75 °C is due to its meting point, which is also evident from the DSC curve. Another important observation in TGA is there was no phase transition observed till the material melts which showed that this reagent can withstand higher temperatures (Figure 8 ). 
Conclusions
In conclusion, we have established an efficient one-pot three component method for the synthesis of 3-(quinoxalin-2-yl)-2H-chromen-2-ones in PEG-600 as the green reaction media. This one-pot method worked very efficiently and effectively for the synthesis of 3-(quinoxalin-2-yl)-2H-chromen-2-ones by cutting down the number of steps, lowering the reaction time and relieving from the difficulty of isolating the compounds in every step and their purifications. The method applied for this synthesis is regarded as environmentally harmless by avoiding the harmful toxic chemical, i.e., liquid bromine, and the harmful carcinogenic solvents. Synthesis carried in stepwise process also and compared the yield of the products among the two methods and the one-pot method found to be superior among the two. The exploration of bromine alternative lead us to a safe, easily handlable reagent i.e., TBATB, which is paved a way for the emerging researchers in the particular field of interest.
Experimental Section
General. Melting points are uncorrected and were determined in open capillary tubes using sulphuric acid bath. TLC analyses were done on silica gel-G coated sheets supplied by Merck Company and visualization was done using UV lamp and iodine.
1 H NMR spectra were recorded in DMSO-d 6 using TMS as an internal standard using 400 MHz spectrometer. Mass spectra were recorded on Agilent-LCMS instrument. Starting materials like salicylaldehyde, ethyl acetoacetate, o-phenylenediamines were purchased from commercial suppliers and used as such.
General procedure for the preparation of 2 from 1. A mixture of 1 (20 mmol), TBATB (20 mmol), PEG-600 (30 mL) was stirred at RT for 1 -1 ½ h. After completion of the reaction, the mixture was poured into ice-cold water (60 mL). The separated solid was filtered, washed with water (2×30 mL) and air-dried at RT. The crude product was recrystallized from suitable solvent to obtain pure 2. 
General procedure for the synthesis of 4 from 2 & 3.
A mixture of 2 (10 mmol), 3 (10 mmol) in PEG-600 (20 mL) was heated to 100 °C and maintained for a period of 30 min. to 1 h. After completion of the reaction, the mixture was poured into ice-cold water (60 mL). The separated solid was filtered, washed with water (2×30 mL) and air-dried at RT. The crude product was recrystallized from suitable solvent to obtain pure 4. A mixture of 1 (10 mmol), TBATB (10 mmol), 3 (10 mmol) and PEG-600 (20 mL) was heated to 100 °C and maintained at the same temperature for a period of 1-2 h. Progress of the reaction was monitored on TLC. After completion of reaction, the mixture was poured into ice-cold water (60 mL). The separated solid was filtered, washed with water (2×30 mL) and dried. The crude product was recrystallized from a suitable solvent to obtain pure 4.
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